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SUMMARY 
The Phase I r e p o r t  ( r e f e r e n c e  1 )  o n  NASA MSFC 
C o n t r a c t  NAS 8-20214 was s u b m i t t e d  by  F l u i D y n e  d u r i n g  
Oc tober  1965. R a t i n g s  f o r  c a n d i d a t e  f l o w  i n i t i a t i o n  
systems i n  a l a r g e  t u b e  wind  t u n n e l  were i n c l u d e d  and 
a recommendat ion o f  a s i n g l e  system f o r  c o n t i n u e d  de- 
velopment was made. Concur ren t  s t u d i e s  o f  u t i l i z a t i o n  
and o p e r a t i o n a l  c h a r a c t e r i s t i c s  o f  t h e  proposed t u n n e l  
conducted a t  MSFC have p l a c e d  renewed emphasis o n  t h e  
impor tance  o f  i n t e r f e r e n c e  f r e e  f l o w  i n  t h e  t e s t  s e c t i o n  
and o f  g rowth  p o t e n t i a l  f o r  f i l l i n g  i n  t h e  t r a n s o n i c  
reg ime  o f  t e s t  c a p a b i l i t y .  T h i s  append ix  t o  t h e  Phase 
1 r e p o r t  p r e s e n t s  a r e - e v a l u a t i o n  o f  f l o w  i n i t i a t i o n  
systems w i t h  a c c o u n t a b i l i t y  o f  t h e  e v o l v i n g  u t i l i z a t i o n  
s p e c i f i c a t i o n s  and w i t h  c o n s i d e r a t i o n  o f  p o s s i b l e  r e -  
l a x a t i o n  o f  t e s t  f r e q u e n c y  and o p e r a t i o n a l  s o p h i s t i c a t i o n  
i n  f a v o r  o f  lower  i n i t i a l  c o s t  and more c e r t a i n  shake- 
down t o  o p e r a t i o n a l  s t a t u s .  
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1.0 INTRODUCTION 
The valve rating system used in reference 1 was 
based on a range of selection criteria with distributed 
weighting appropriate to existing specifications. Fol-  
lowing submittal of the Phase I report a re-evaluation 
of valve ratings to accommodate requirements imposed by 
continuing studies of tunnel utilization was necessary 
in order to obtain the best current selection of a 
valve f o r  development. In particular, since many studies 
in the h i g h  Reynolds Number Facility will involve boundary 
layer transition and turbulence, any valve with an 
appreciable influence on the free stream turbulence 
level can not be considered. Thus, in general, valves 
with residual blockage can not be located upstream of 
the nozzle. A desired exploration of minimal initial 
costs f o r  a valve system prompted study of partially 
destructive systems and their attendant larger opera- 
tional prob ems and cost. The certainty of successful 
development o t  the candidate valve to a working system 
is an overr d i n g  factor in the selection process for 
obvious reasons. Thus, systems with questionable cer- 
tainty on early availability o r  on reliable cost est- 
imates were severely downgraded, although they might 
eventually have the greatest potential for a sophisti- 
cated test faci 1 ity. 
Elimination of valves having residual blockage 
from locations upstream of the nozzle means that the 
most reliable valve concepts can only be used down- 
stream of the test section. Model tunnel tests at 
MSFC and preliminary flow calculations suggest that 
there could be a starting loads problem with any 
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downstream v a l v e  l o c a t i o n .  The s t a r t i n g  loads  p rob lem 
has been re-examined t o  make s u r e  t h a t  t h e s e  loads  a r e  
w i t h i n  r e a s o n a b l e  l i m i t s  f o r  p r a c t i c a l ,  downstream, 
v a l v e  l o c a t  ions .  
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2.0 ADDITIONAL STUDY WORK 
The additional study work carried out in the pro- 
cess of selecting the candidate valve for development 
included calculations and hydraulic analogy work to 
determine the influence of downstream valve locat ion 
on starting time and starting loads. Cost analysis 
and analysis o f  development reliability were further 
amp 1 i f i ed . 
2. 1 Starting Loads 
This work was done to help determine which, if 
any o f  the valves could be located downstream without 
increasing the model starting loads to values appreciably 
greater than the running loads. The work commenced 
with a rational consideration of the starting process 
where it was observed that, as the valve location is 
moved downstream from the nozzle throat, the upstream 
r u n n i n g  expansion which initiates flow in the nozzle 
becomes more spread out and even though a low initial 
back pressure exists, the starting process varies from 
a "quick" start with no notable normal shock wave to a 
slow" start with a full strength starting normal shock I 1  
wave. 
Simple calculations were made to determine evacu- 
ation time of the test section volume after valve 
opening to implement a comparison between the evacuation 
time and the time required for flow initiation (.06 sec). 
I f  the time for evacuation was short compared to the 
flow initiation time, a valid conclusion could be made 
that no normal shock would develop as long as the initial 
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back p r e s s u r e  downstream o f  t h e  v a l v e  was r o u g h l y  
equa l  t o  o r  lower  than  t h e  r u n n i n g  n o z z l e  e x i t  s t a t i c  
p r e s s u r e  ( w h i c h  i s  t h e  case f o r  Mach numbers t h r o u g h  
2.0 a t  h i g h  Po). 
pared  t o  t h e  f l o w  i n i t i a t i o n  t ime, a s t r o n g  s t a r t i n g  
normal  shock would occur .  E v a c u a t i o n  t i m e  depended 
h e a v i l y  on t h e  a x i a l  p o s i t i o n  o f  t h e  va l ve .  The r e s u l t s  
i n d i c a t e d  t h a t  f o r  p r a c t i c a l  v a l v e  l o c a t i o n s  t h e  s i t u -  
a t i o n  i s  m a r g i n a l ,  t h a t  i s ,  t h e  e v a c u a t i o n  t i m e  and flow 
i n i t i a t i o n  t i m e  a r e  a lmost  equal ,  so t h e  occurence o f  a 
normal  s t a r t i n g  shock wave would be l i k e l y ,  a l t h o u g h  
t h e  shock would p r o b a b l y  be l e s s  ttm f u l l  s t r e n g t h .  
I f  t h e  e v a c u a t i o n  t i m e  was l o n g  com- 
These conc Ius i ons  were c o n f  i rmed by t h e  hyd rau  1 i c 
a n a l o g y  t e s t s .  Any v a l v e  l o c a t i o n  a t  o r  downstream o f  
t h e  n o z z l e  e x i t  was a s s o c i a t e d  w i t h  a normal s t a r t i n g  
shock wave. The t i m e  r e q u i r e d  f o r  s t a r t i n g  and t h e  
s t r e n g t h  o f  t h e  s t a r t i n g  shock wave b o t h  i n c r e a s e d  as 
t h e  s i m u l a t e d  v a l v e  l o c a t i o n  was moved downstream b u t  
i t  appeared t h a t  a f u l l  s t r e n g t h  wave would n o t  o c c u r  
u n l e s s  t h e  v a l v e  l o c a t i o n  was o v e r  t h r e e  n o z z l e  l e n g t h s  
downstream o f  t h e  t e s t  s e c t  ion.  S t a r t i n g  shock s t r e n g t h  
and s t a r t i n g  t i m e  f o r  t h e  ana logy  t e s t s  were independent  
o f  v a l v e  r e s i d u a l  b lockage  as l o n g  as t h e  open a r e a  was 
g r e a t e r  thm t h e  n o z z l e  e x i t  area. 
I n  conc lus ion ,  i t  appears t h a t  t h e  v a l v e  c o u l d  
p r o b a b l y  be p o s i t i o n e d  c l o s e  enough t o  t h e  n o z z l e  e x i t  
so t h a t  t h e  s t a r t i n g  shock s t r e n g t h  would be 1/2 t o  
1/4 o f  t h e  f u l l  v a l u e  a t  t h e  e x i s t i n g  s t a g n a t i o n  
p ressu re .  This ,  p l u s  t h e  f a v o r a b l e  model c o n f i g u r a t i o n  
f rom t h e  p o i n t  o f  v iew  o f  model loads, l ead  us t o  be- 
l i e v e  t h a t  most va l ves  c o u l d  be des igned and p o s i t i o n e d  
a x i a l l y  so t h a t  s t a r t i n g  l oads  would no t  be s i g n i f i c a n t l y  
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h i g h e r  t h a n  r u n n i n g  loads a t  t h e  low Mach number, h i g h  
Po c o n d i t i o n s  where a p rob lem m i g h t  e x i s t .  
2.2 S e l e c t  i o n  o f  Valves f o r  Re-evaluat  i o n  
TO keep t h e  t a s k  o f  r e - r a t i n g  t h e  v a l v e s  w i t h i n  
r e a s o n a b l e  bounds, t h e  number o f  v a l v e - l o c a t  i o n  com- 
b i n a t i o n s  c o n s i d e r e d  was l i m i t e d  i n  a p r a c t i c a l  way. 
O n l y  t h o s e  v a l v e s  wh ich  have no r e s i d u a l  b lockage  were 
r e - r a t e d  f o r  t h e  upst ream l o c a t  ions.  For  downstream 
va lves ,  o n l y  t h e  optimum l o c a t i o n  r e l a t i v e  t o  s t a r t i n g  
loads, d i f f u s e r  performance, and adequate open a r e a  
was cons idered.  The same v a l v e  c a t e g o r i e s  apparent  i n  
t h e  Phbse I r e p o r t  ( r e f e r e n c e  1 )  appear here .  Two v a l v e  
sub types  have been e l i m i n a t e d  f rom c o n s i d e r a t  i o n  here, 
namely: t h e  2-door normal r o t a r y  and t h e  s l i d i n g  p lug .  
Two new sub types  have been added: a f r a n g i b l e  hemi- 
sphere, and a s l i d i n g  s l e e v e  ( b a s i c a l l y  a p l u g ) .  These 
v a l v e s  a r e  p o r t r a y e d  i n  F i g u r e s  1 and 2. 
I n  some cases, t h o  v a l v e s  need t o  be supplemented 
by an ups t ream t i g h t  s h u t o f f  v a l v e  in o r d e r  t o  meet t h e  
90 m i n u t e s  between runs  c r i t e r i a  o r  t o  meet some reason- 
a b l e  r u n  schedule.  For t h e s e  cases t h e  c o s t  o f  t h e  
t i g h t  s h u t o f f  v a l v e  i s  i n c l u d e d  i n  t h e  c o s t  o f  t h e  v a l v e  
and i t s  i n c l u s i o n  i s  noted. A l i s t  o f  v a l v e  types,  
s i zes ,  and l o c a t i o n  comb ina t ions  wh ich  a r e  a p a r t  o f  t h i s  
new e v a l u a t i o n  appears o n  t h e  f o l l o w i n g  page. 
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TYPE S U BTY PE LOCAT I ON 
P l u g  
Normal 
R o t a r y  
O r l i n  




S l i d i n g  
S 1 eeve 
M u l t i -  
vane 
2-Door 
C o l l a p s i b l e  
2-Door 
Co 1 l a p s  
2-Door 
Co 1 l a p s  
A x i a l  
R o t a r y  18 P o r t  
b l e  
b l e  






Downs t r eam 






5 '  
1 1 '  
5 '  
6 '  
7 '  
8'  
1 1 '  
5 '  
6 ?  
9' 
7 '  














2.3 V a l v e  Cost A n a l y s i s  
The v a l v e  c o s t  a n a l y s i s  i n c o r p o r a t e d  i n  t h e  r a t i n g s  
o f  t h e  Phase I r e p o r t  was l i m i t e d  t o  t h e  c o s t  l e v e l  and 
r e l a t i v e  r a n k i n g  o f  t h e  c a n d i d a t e  v a l v e s  t h r o u g h  design, 
f a b r i c a t i o n ,  and i n s t a l l a t i o n .  When c o n s i d e r a t i o n  o f  
s e m i - d e s t r u c t  i v e  systems such as f r a n g i b l e  diaphragms 
i s  i n c o r p o r a t e d  i n t o  t h e  r a t i n g s ,  a c o s t  compar ison 
i n c l u d i n g  f i x e d  c o s t s  pe r  r u n  i s  mandatory.  The opera-  
t i o n s  r e q u i r e d  t o  r e s e t  t h e  qu ick -open ing  v a l v e  f o r  a 
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r u n  were v i s u a l i z e d  f o r  each v a l v e  concept  and t h e  t i m e  
and m a t e r i a l  r e q u i r e d  were e v a l u a t e d .  No a t t e m p t  was 
made t o  o b t a i n  e s t i m a t e s  o f  l onger  t e r m  main tenance c o s t s  
f o r  t h i s  e v a l u a t i o n .  The e v a l u a t i o n  a l s o  assumed t h a t  
e x p l o s i v e  b o l t s  i n  s u f f i c i e n t  q u a n t i t i e s  t o  s u p p l y  f u l l  
r e s t r a i n t  o f  t h e  q u i c k - r e l e a s e  p a r t s  under  p r e s s u r e  were 
used on a l l  p e r t i n e n t  systems even though i t  i s  recog-  
n i z e d  t h a t  c e r t a i n  o f  t h e  systems were more conduc ive  t o  
development o f  re -useab le  l a t c h i n g  methods. The c o s t  o f  
a s e p a r a t e  t i g h t  s h u t o f f  v a l v e  was i n c l u d e d  i n  t h e  c o s t s  
o f  a l l  downstream v a l v e s  and i n  t h e  c o s t  o f  t h e  ups t ream 
c o l l a p s i b l e  v a l v e .  The s e l e c t i v e  i n c l u s i o n  o f  t h e  
t i g h t  s h u t  o f f  v a l v e  was necessa ry  t o  a v o i d  making c o s t  
compar isons a t  w i d e l y  d i s p a r a t e  t e s t  f r e q u e n c y  p e r f o r -  
mance l e v e l s  f o r  t h e  s e v e r a l  v a l v e  t y p e s  r a t e d .  The 
graph on  F i g u r e  3 and T a b l e  1 i l l u s t r a t e  t h e  r e s u l t s  o f  
t h e  c o s t  a n a l y s i s  comparison. 
2 . 4  E s t i m a t e  o f  No. o f  Runs Per Day 
T a b l e  2 g i v e s  t h e  e s t i m a t e d  number o f  r u n s  p e r  day  
f o r  each o f  t h e  v a l v e  types. The numbers g i v e n  a r e  based 
on: t h e  e s t i m a t e d  man hours  rep lacement  work necessary  
on  each v a l v e  between runs, a r e a s o n a b l e  number o f  work- 
men i n  a g i v e n  work area, and, an e i g h t  hour  w o r k i n g  day. 
I t  i s  o f  c o u r s e  assumed t h a t  any t e s t  s e c t i o n  work would 
be comple ted  d u r i n g  t h e  t i m e  o f  r e p l a c i n g  and r e s e t t i n g  
t h e  v a l v e  components. The rep lacement  work necessary  o n  
each v a l v e  i s  e s t i m a t e d  f rom t h e  number o f  e x p l o s i v e  
b o l t s  t h a t  must be r e p l a c e d  and r e s e t ,  t h e  c lean-up 
work r e q u i r e d ,  t h e  f r a n g i b l e  e lements  t h a t  have t o  be 
rep laced ,  e t c .  
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2.5 C e r t a i  n t y  o f  Success fu  1 Des i gn 
The d e s i g n  f i g u r e s  and m a j o r  a reas  o f  u n c e r t a i n t i e s  
‘ o f  each o f  t h e  v a l v e s  be ing  c o n s i d e r e d  a r e  l i s t e d  below. 
A l s o  i n c l u d e d  a r e  d e s c r i p t i o n s  o f  t h e  two v a l v e s  ( t h e  
f r a n g i b l e  d i s k  and t h e  s l i d i n g  s l e e v e )  which were n o t  
i n c l u d e d  i n  r e f e r e n c e  1. 
2.5 .1  The O r l i n  Nozz le  
2.5.1. 1 
The 
d e s i g n  f 
Des i gn 
f o l l o w i n g  1 
gures assoc 
s t  g i v e s  some t h e  p r e l i m i n a r y  
a ted  w i t h  t h e  5 f t .  o r l i n  nozz le :  
Nozz le  Weight (each h a l f )  ( l b s . )  23,000 
I n i t i a l  P ressu re  Load ( l b s . )  1,750,000 
Max. Opening D i s t a n c e  (each h a l f )  ( f t . )  2.5 
Max. A c c e l e r a t i o n  ( f t . / s e c . 2 )  2,450 
Max. V e l o c i t y  ( f t . / s e c . )  75 
K i n e t i c  Energy ( f t .  l b s . )  2,000,000 
Leng th  o f  Sea l  ( f t . )  42 
( P r i m a r i l y  S l i d i n g  S e a l )  
2.5. 1.2 U n c e r t a i  n t  i es 
The p r i n c i p l e  areas o f  u n c e r t a i n t y  c o n c e r n i n g  t h e  
s u c c e s s f u l  des ign,  f a b r i c a t  ion, and o p e r a t i o n  o f  t h e  
o r l i n  n o z z l e  a r e  l i s t e d  below. 
a. Re lease Mechanism. The i n i t i a l  p r e s s u r e  
l o a d i n g  on t h e  n o z z l e  i s  q u i t e  severe.  
E x p l o s i v e  b o l t s  may p r o v i d e  one p o s s i b l e  
method o f  re lease,  bu t  t h e  l a r g e  number 
9 
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wh i ch wou I d  be r e q u i r e d ,  t h e  h i gh r e p  lacement 
cos ts ,  and t h e  d i f f i c u l t y  o f  rep lacement  b r i n g  
t h e i r  p r a c t i c a l i t y  i n t o  ques t i on .  
b. F l e x i b l e  P l a t e  S t r u c t u r e .  The f l e x i b l e  p l a t e  
t h i c k n e s s  was de te rm ined  f rom t h e  maximum 
a1 lowab le  bend ing  s t r e s s  (120,000 p s i  f o r  
h i g h  s t r e n g t h  s t a i n l e s s )  and t h e  p l a t e  curva-  
t u r e  f o r  t h e  c l o s e d  t h r o a t  c o n d i t i o n .  W i t h  
an unsuppor ted  p l a t e  t h e  a i r  loads impose 
a d d i t i o n a l  s t r e s s e s  wh ich  a r e  i n t o l e r a b l e  f o r  
c u r r e n t  m a t e r i a l s .  Reference 1 c i t e s  s e v e r a l  
methods wh ich  were c o n s i d e r e d  i n  a t t e m p t i n g  
t o  reduce  t h e  combined bend ing  s t r e s s e s .  S i n c e  
t h e s e  d i d  n o t  appear p a r t i c u l a r l y  a t t r a c t i v e ,  
i t  seems l i k e l y  t h a t  a c o n s i d e r a b l e  amount o f  
work would have t o  be done i n  t r y i n g  t o  d e v e l o p  
a workab le  concept.  
c. Snubber Design. The d e s i g n  o f  t h e  snubber 
mechanism f o r  t h e  o r l i n  n o z z l e  p r e s e n t s  p rob lems 
wh ich  a r e  s i m i l a r  t o  t h e  snubber  problems i n  
t h e  o t h e r  va l ves .  K i n e t i c  energy d i s s i p a t i o n  
r e q u i r e d  i s  above t h e  range  p r o v i d e d  by commer- 
c i a l l y  a v a i l a b l e  snubber  u n i t s .  I n i t i a l  c o n t a c t  
v e l o c i t y  i s  h i g h  and t h u s  poses s e v e r e  problems. 
Snubber des ign  f o r  t h e  o r l i n  n o z z l e  i s  a d d i -  
t i o n a l l y  complex because t c t a l  t r a v e l  i s  v a r i a b l e  
(depend ing  on Mach Nvmber), and thus, t h e  
snubbers must be des igned t o  a s s u r e  v a r i a b l e  
k i n e t i c  ene rg ies  and w i t h s t a n d  a w ide  range  o f  
impact v e l o c i t i e s .  Also, t h e  snubbers must 
s t o p  t h e  n o z z l e  i n  p r e c i s e  p o s i t i o n s  t o  p roduce 
t h e  des i r e d  t e s t  s e c t  i o n  Mach Numbers. 
10 
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d. Sea l  Design.  I t  i s  p r o b a b l e  t h a t  t o  a c h i e v e  
good t e s t  s e c t i o n  f l o w  q u a l i t y  t h e  n o z z l e  would 
have t o  be sea led  a t  t h e  edges o f  t h e  moveable 
p l a t e s .  T h i s  n e c e s s i t a t e s  u s i n g  s l i d i n g  s e a l s  
which pose r e l i a b i l i t y  and main tenance Qroblems.  
The s e a l  a t  t h e  t h r o a t  a l s o  poses d i f f i c u l t  
d e s i g n  problems. 
2.5.2 Two D o o r  Gate Valves 
2.5.2. 1 Des i gn 
Below a r e  l i s t e d  some o f  t h e  a p p r o x i m a t e  c o m p a r a t i v e  
d e s i g n  f i g u r e s  f o r  t h e  v a r i o u s  g a t e  v a l v e  s i z e s :  
5 '  6 '  1 1 '  
Gate Weight (each h a l f )  ( l b s . )  1,300 2,300 12,000 
Press. Load on  Gate ( l b s . )  1, IOO,OOO 1,600,000 5,200,OOO 
Edge Brg. Load ing  ( l b s . / i n . )  20,000 24,000 44,000 
F r i c t i o n  Fo rce  ( u  = . 1 )  ( l b s . )  110,000 160,000 520,000 
A c t u a t o r  S i z e  ( i n .  d i a . )  24 30 76 
A c t u a t o r  Weight ( l b s . )  500 1 700 4,000 
A c t u a t o r  Fo rce  ( l b s . )  224,000 384,000 2,720,000 
Max. A c c e l e r a t i o n  ( f t . / s e c .  2 ) 2,000 2,400 4,400 
a 
Max. V e l o c i t y  ( f t . / s e c . )  100 120 220 
K i n e t i c  Energy ( f t .  l b s . )  290,000 670,000 12,000,000 
L e n g t h  o f  Sea l  ( f t . )  2 5  30 5 5  
( P r i m a r i l y  S l i d i n g  S e a l )  
2.5.2.2 Uoc'e!r: t a i n t i es 
The ma jo r  a reas  o f  u n c e r t a i n t i e s  i n  t h e  des ign,  fab-  
r i c a t i o n  and o p e r a t i o n  o f  t h e  2-door g a t e  v a l v e s  a r e  
l i s t e d  below. A l l  t h r e e  s i z e s  o f  t h e  v a l v e s  have s i m i -  
l a r  problems; however, t h e  magn i tude o f  t h e  problems a 
1 1  
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v a r i e s  w i t h  t h e  d e s i g n  f i g u r e s  l i s t e d  i n  t h e  t a b l e  above. 
For  example, t h e  snubb ing  p rob lem i s  a p p r o x i m a t e l y  p r o p o r -  
t i o n a l  t o  t h e  k i n e t i c  energy, o r  about  40 t i m e s  l a r g e r  
f o r  t h e  1 1  ft. g a t e  as compared t o  t h e  5 f t .  gate.  
a. Actuator-Snubber  System. T h i s  system, wh ich  i s  
s i m i l a r  t o  t h e  one o n  t h e  m u l t i v a n e  va lve ,  
c o n s i s t s  o f  a p r e l o a d e d  a c t u a t o r  which, when 
re leased,  p u l l s  t h e  g a t e  o r  doo r  o u t  o f  t h e  
t u n n e l  f l o w  a rea  w i t h i n  t h e  d e s i r e d  open ing  
t ime.  The door i s  a c c e l e r a t e d  u n t i l  i t  passes 
t h e  t u n n e l  w a l l .  The d r i v i n g  f o r c e  i s  t h e n  
r e l i e v e d  and t h e  mov ing  mass i s  d e c e l e r a t e d  t o  
a s t o p  by snubbers. One such system i s  
r e q u i r e d  f o r  each door  o f  t h e  two door  g a t e  
va l ves .  I t  i s  d e s i r e d  t h a t  b o t h  systems 
o p e r a t e  s imu l taneous ly ,  t h u s  p r o v i d i n g  no n e t  
e x t e r n a l  force.  To be r e a l i s t i c ,  however, t h e  
systems and t h e i r  s u p p o r t i n g  s t r u c t u r e s  must 
be des igned  f o r  each one t o  a c t  i n d i v i d u a l l y .  
T h i s  r e s u l t s  i n  v e r y  l a r g e  s t r u c t u r a l  suppor ts ,  
and p r o b a b l y  s i g n i f i c a n t  shock loads  t o  t h e  
t u n n e l  and s t r u c t u r e  when o p e r a t i o n  i s  n o t  
s i mu 1 t aneous. 
S i z i n g  t h e  a c t u a t o r s  and snubbers depends 
t o  a l a r g e  e x t e n t  on f r i c t i o n a l  f o r c e s  on  t h e  
door  and on t h e  p i s t o n  and rod .  These a r e  
d i f f i c u l t  t o  p r e d i c t  and p r o b a b l y  w i l l  v a r y  
c o n s i d e r a b l y  f rom r u n  t o  run, depend ing  on 
l u b r i c a t i o n ,  wear o n  t h e  su r faces ,  tempera tures ,  
e t c .  
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The snubber capacities required for the 
larger valves are beyond the sizes presently 
designed. Also the velocities at which the 
snubbers are impacted are well above the pre- 
sent design range. 
upstream of the test section would be designed 
to reclose after a given run time interval. 
This sequence adds considerably to the com- 
plexity of the control system. Some of the 
additional problems it raises are: 
- Control sequences and times 
- Synchronizing the two systems 
- Accurate positioning at the closed 
- Time required for seal actuation 
The 5 ft. valve which would be located 
position 
b. Bearing Surfaces. The pressure load on the 
faces of the doors result in very large loads 
on the supporting bearing surfaces. Using 
conventional bearing materials results in 
bearing surfaces several inches wide. As 
the doors deflect with pressure loading, the 
contact area on the bearings moves to the 
inner edges which could cause local yielding 
and galling. The lubrication of these sur- 
faces i s  also a problem. 
c. Seals. inflatable seals are required to seal 
around the edges of the doors. These must 
deflate in a short time interval, and must 
retract below the sealing surface so as not 
to bo sheared off o r  damaged as the door 
slides. Because of the location, they will 
13 
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be q u i t e  d i f f i c u l t  t o  i n s p e c t  and r e p l a c e .  
The s t a t i c  s e a l  a t  t h e  c o n t a c t i n g  s u r f a c e  
between t h e  doors  s h o u l d  be a s i m p l e r  p rob-  
lem, p r o v i d e d  t h e  doors  can be p o s i t i o n e d  
a c c u r a t e l y  when c losed .  
d. Aerodynamic Contour.  T h i s  i s  t h e  p rob lem o f  
p r o v i d i n g  f a i r i n g s ,  o r  c o v e r s  t o  f i  1 1  t h e  gaps 
l e f t  i n  t u n n e l  w a l l s  when t h e  v a l v e  i s  open. 
( T h i s  would be necessa ry  o n l y  i n  t h e  ups t ream 
va lve . )  These f a i r i n g s  would have t o  be 
t e l e s c o p i n g  o r  c o l l a p s i b l e ,  y e t  be a b l e  t o  
w i t h s t a n d  t h e  a i r  loads. 
e. Al ignment  b Setup. There  a r e  d i f f i c u l t  prob-  
lems i n  f a b r i c a t i n g  and assemb l ing  hardware  
o f  t h i s  s i z e  wh ich  must p r o v i d e  a t i g h t  s e a l  
and must move t h e s e  d i s t a n c e s .  The p rob lem o f  
m a i n t a i n i n g  t h e  i n i t i a l  c learances ,  s t r a i g h t -  
ness, and o v e r a l l  t o l e r a n c e s  under t h e  a c c e l e r -  
a t  i o n s  encountered h e r e  appears even ha rde r .  
U n f o r t u n a t e l y ,  t h i s  i s  t h e  t y p e  o f  p rob lem 
wh ich  cannot be a p p r e c i a t e d  o r  measured u n t i l  
a f t e r  t h e  hardware i s  b u i l t  and run .  
2.5.3 S l i d i n g  P l u g  Va lve  
2.5.3. 1 D e s c r i p t i o n  
The s l i d i n g  p l u g  v a l v e  c o n s i s t s  o f  a / ft. d i a .  
x 5 f t .  l o n g  s l e e v e  wh ich  s l i d e s  a x i a l l y  on  a s t a t i o n a r y  
centerbody .  The v a l v a  i s  l o c a t e d  i n s i d e  t h e  c o n c r e t e  
14 
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s i l e n c e r - e x h a u s t  plenum a t  t h e  e x i t  o f  t h e  t u n n e l .  
I n  t h e  c l o s e d  (upst ream) p o s i t i o n ,  t h e  p r e s s u r e  i s  
c o n f i n e d  by a s t a t i c  s e a l  a t  t h e  f l a n g e  a t tachmen t  t o  
t h e  t u n n e l  e x i t  and by a dynamic s e a l  c o n t a c t i n g  t h e  
m a j o r  d i a m e t e r  o f  the f i x e d  centerbody.  The d i f f e r e n c e  
i n  t h e  s e a l  d i a m e t e r s  ( 7  f t .  vs. 6 f t . )  r e s u l t s  i n  an 
unbalances f o r c e  t e n d i n g  t o  d r i v e  t h e  p l u g  downstream. 
When t h e  f l a n g e  at tachment  i s  re leased ,  t h i s  f o r c e  
d r i v e s  t h e  s l e e v e  downstream, t h u s  "opening"  t h e  v a l v e .  
The s l e e v e  movement i s  s topped by a group o f  shock 
a b s o r b e r s  l o c a t e d  downstream o f  t h e  s leeve .  A s e p a r a t e  
h y d r a u l i c  a c t u a t o r  w i l l  r e t u r n  t h e  s l e e v e  t o  t h e  c l o s e d  
p o s i t  ion .  
\ 
2.5.3.2 Des i gn 
P r e l i m i n a r y  Des ign  o f  t h e  s l i d i n g  p l u g  shows: 
- S l e e v e  weight  
Upstream s e a l  d i a .  - 
Downstream s e a l  d i a .  - 
D r i v i n g  f o r c e  - 
Max. v e l o c i t y  - 
Max. a c c e l e r a t i o n  - 
Shock abso rbe rs  - 
Leng th  o f  seal  
 
2.5.3.3 Uncer t a i n t i es 
6,600 lbs .  
I f t .  
6 f t .  
860,000 l b s .  
130 g ' s  
6 - 6" Bore X 18" S t r o k e  
?2 f t .  - S t a t i c  & 
19 f t .  - S l i d i n g  
90 f t . / sec .  
The d e s i g n  problems which i n v o l v e  t h e  m a j o r  uncer-  
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C a l c u l a t i o n  o f  D r i v i n g  Force. As t h e  v a l v e  
s t a r t s  t o  open, t h e  a i r  b e g i n s  t o  t l o w  and t h e  
d r i v i n g  f o r c e  d i m i n i s h e s .  T h i s  p l o t  o f  f o r c e  
v e r s u s  open ing  w i l l  d e t e r m i n e  t h e  a c c e l e r a t i o n  
fo rces ,  maximum , e l o c i  ty, o p e n i n g  t irne, and 
t h e  shock absorber  loads.  
Shock Absorber Des i gn. The k i n e t  i c energy 
i n v o l v e d  he re  i s  above t t e d e s i g n  range  o f  the 
normal  shock a b s o r b e r  a p p l i c a t i o n .  The d e s i g n  
o f  t h e  shock a b s o r b e r  rod, and t h e  " S t r i k e r "  
p o r t i o n  o f  t h e  s l e e v e  a r e  c r i t i c a l .  Also, 
t h e  p o s s i b i l i t y  o f  f a i l u r e  o f  one u n i t  and t h e  
r e s u l t i n g  Cocking"  loads  must be cons ide red .  I 1  
Re lease  Mechanism. The r e l e a s e  mechanism 
must r e s i s t  a t  l e a s t  860,000 lbs., and must 
r e l e a s e  i nstantaneous l y .  A 1  t hough exp 10s i o n  
b o l t s  appear f e a s i b l e ,  t h e  problems o f  c o s t ,  
r e 1  i a b i  1 i t y ,  ease o f  i n s t a l  l a t  ion, s a f e t y ,  
etc.,  must be s t u d i e d .  Fo r  examplep what 
happens i f  one o r  more o f  a g roup o f  some 
24 b o l t s  f a i l s  t o  be exploded? 
S l e e v e  S t r u c t u r e .  The s l e e v e  must be l i g h t -  
weight,  y e t  s t r o n g  enough t o  w i t h s t a n d  t h e  
pressure,  t h e  a c c e l e r a t i o n s ,  and t h e  co ncen- 
t r a t e d  shock a b s o r b e r '  r 'eact  ions.  
2.5.4 Mu 1 t i vane Va lve  
2.5.4. 1 Des i gn 
Some o f  t h e  d e s i g n  f i g u r e s  f o r  t h e  8 f t .  x 8 f t .  
m u l t i v a n e  v a l v e  a r e  l i s t e d  o n  t h e  f o l l o w i n g  page. 
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F r i c t i o n  Torque 
F r i c t i o n  Fo rce  on A c t u a t o r  
I n e r t i a  F o r c e  on  A c t u a t o r  
A c t u a t o r  S i z e  
Max. RPM Vanes 
Max. Rack A c c t l e r a t  i o n  
Max. Rack V e l o c i t y  
K i n e t  i c Energy 
( f t .  l bs . )  
( l b s . )  
( l b s . )  
( i n .  d i a )  
( R P W  
2 ( f t . / s e c  ) 
( f t . / s e c . )  









2.5.4.2 U n c e r t a i  n t  i es 
The d e s i g n  problems wh ich  i n v o l v e  t h e  m a j o r  uncer-  
t a i n t i e s  'a re :  
a. Sea ls .  T h i s  v a l v e  concept  i s  dependent on e l a s t o -  
m e r i c  s e a l s  a t  t h e  j u n c t i o n s :  
- Between t h e  vanes (72  f t . )  
- Between t h e  edge vanes and t h e  w a l l s  (16 f t . )  
- Between t h e  ends o f  t h e  vanes and t h e  w a l l s  (16  f t . )  
The s e a l s  between t h e  vanes w i l l  be s t a t i c  
compress ion type, t h e  rema inder  w i l l  be i n -  
f l a t a b l e .  A l l  s e a l s  must s e a l  a g a i n s t  600 p s i  
p r e s s u r e  w i t h  a t o t a l  leakage o f  less t han  
t h e  compressor  o u t p u t .  A l l  s e a l s  must be 
a t t a c h e d  o r  con f ined  i n  s l o t s  t o  p r e v e n t - b e i n g  
p u l l e d  l o o s e  by t h e  a i r  f l o w .  In a d d i t i o n ,  / 
t h e  i n f l a t a b l e  s e a l s  must r e t r a c t  be low t h e  
s u r f a c e  when d e f l a t e d  t o  p r e v e n t  b e i n g  sheared 
o f f  as t h e  vanes r o t a t e .  
f l a t e  and d e f l a t e  f a s t  enough t o  be c o n s i s t e n t  
w i t h  v a l v e  o p e r a t i o n .  O the r  problems which 
They a l s o  musi  i n -  
- 
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must be i n v e s t i g a t e d  a re :  
- Pressu re  connect i o n  d e s i g n  
- Sea l  m a t e r i a l  
- Method o f  rep lacement  
- A l l o w a b l e  t o l e r a n c e s  on vanes and t-,ousing; 
- Maximum a l l o w a b l e  gaps and s t e p s  on m a t i n g  
d i m e n s i o n a l  and s u r f a c e  f i n i s h  
s u r f  aces. 
Some o f  t h e  q u e s t i o n s  w i t h  r e s p e c t  t o  t h e  
s t a t i c  s e a l s  have been answered i n  bench t e s t s .  
S i m i l a r  t e s t s  f o r  t h e  i n f l a t a b l e  s e a l s  a r e  
p lanned.  Both t y p e s  must be t h c r o u g h l y  t e s t e d  
i n  t h e  model v a l v e  t o  be s u r e  o f  a l l  answers. 
b. Bear ings .  The r o + a t i n g  vanes a r e  s u p p o r t e d  
a t  s e v e r a l  i n t e r m e d i a t e  p o i n t s  as w e l l  as a t  
t h e  ends. The b e a r i n g s  a t  t h e  i n t e r m e d i a t e  
p o i n t s  must be s m a l l  so as t o  be b u r i e d  w i t h i n  
t h e  vane Contour, y e t  must c a r r y  t h e  f u l l  p res-  
s u r e  l oad ing .  F r i c t i o n a l  t o r q u e  must a l s o  be 
k e p t  l o w  t o  m i n i m i z e  t h e  s h a f t  t o r q u e s  and 
a c t u a t o r  requ i remen ts .  S tandard  need l e  
b e a r i n g s  t o  c a r r y  t h e s e  l a r g e  loads  a r e  n o t  
a v a i l a b l e .  There i s  a p o s s i b i  l i t y  t h a t  spec- 
i a l s  c o u l d  be made. The n e x t  c h o i c e  i s  t h e  
s p h e r i c a l  bush ing  wh ich  has good load  c a r r y i n g  
c a p a c i t y ,  but  f r i c t i o n a l  t o r q u e  may be t o o  h igh .  
Both t ypes  of b e a r i n g s  must be t e s t e d  t o  measure 
load c a r r y i n g  c a p a c i t y  and f r i c t i o n a l  t o r q u e .  
I n  t h i s  same t e s t  se t -up  i t  w i l l  be p o s s i b l e  t o  
check o u t  t h e  b e a r i n g  s u p p o r t  des ign .  
18 
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c. Actuator-Snubber  System. T h i s  sys tem must 
be des igned t o  r o t a t e  t h e  vanes 90" i n  t h e  
1/20 sec. The a c t u a t o r  must be p r e l o a d e d  
[ p r o b a b l y  p n e u m a t i c a l l y ) ,  and r e l e a s e d  a t  t h e  
d e s i r e d  t ime.  The d r i v i n g  f o r c e  s h o u l d  be 
r e i i e v e d  near  m i d - t r a v e l ,  a t  wh ich  p o i n t  a 
snubber (shock a b s o r b e r )  must t a k e  o v e r  and 
d e c e l e r a t e  t h e  mov ing  p a r t s  s m o o t h l y  t o  a 
s t o p  t h r o u g h  a g i v e n  d i s t a n c e .  The P r e l i m i -  
n a r y  Des ign  o f  t h i s  hardware  as shown o n  
Dwg. 0478-901 must be c a r r i e d  i n t o  d e t a i l  
d e s i g n  w i t h  p o s s i b l y  some deve lopmen ta l  t e s t i n g  
t o  s o l v e  these  problems:  
- Time o f  A c t u a t i o n  
- Snubber Des ign  
- Q u i c k  Release Des ign  
- C o n t r o l  Sequence 
d. O the r  Areas. O t h e r  d e s i g n  prob lems wh ich  may 
r e q u i r e  c o n s i d e r a b l e  e f f o r t  a re :  
- Rack & gear t o o t h  des ign .  
- D e f l e c t i o n s  i n  h o u s i n g  and s t i f f e n e r  g r i d .  
- F a b r i c a t i o n  methods and t o l e r a n c e s  f o r  t h e  
vanes and housing. 
2.5.5 Co 1 l aps  i b l e  Va lves  
2.5.5. 1 Des i gn 
Below a r c  l i s t e d  some o f  t h e  corr ,parat ive d e s i g n  
f i g u r e s  f o r  t h e  v a r i o u s  c o l l a p s i b l e  v a l v e  s i z e s :  
19 
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5 f t .  6 f t .  1 1  f t .  
Door Weight (each)  ( l b s . )  1,300 2,300 12,000 
Press. Load on Door (each} ( l b s .  1 1,100,000 1,600,000 5,200,000 
Max. Snubber V e l o c i t y  ( a t  impact)  300 400 9 50 
T o t a l  Energy Per Door  [ f t .  lbs. )  2,100,000 3,600,000 22,400,000 
L e n g t h  o f  S e a l  ( f t . )  25 30 55 
[ p r i m a r i l y  s t a t i c  s e a l )  
[ f t  . /sec . ) 
2.5.5.2 U n c e r t a i  n t  i es 
The m a j o r  a reas  o f  u n c e r t a i n t y  i n  t h e  design, 
f a b r i c a t i o n ,  and o p e r a t i o n  o f  t h e  c o l l a p s i b l e  v a l v e s  
a r e  l i s t e d  below. These problems a r e  common t o  a l l  t h e  
s izes ;  however, t h e  magni tude o f  t h e  p rob lem i n c r e a s e s  
g r e a t l y  w i t h  s i z e .  
a. Release Mechanism. The h o l d i n g  c a p a c i t y  ( s i z e )  
o f  t h e  r e l e a s e  mechanism i s  e q u a l  t o  a p p r o x i -  
m a t e l y  h a l f  t h e  p r e s s u r e  l o a d i n g  on  each door  
o f  t h e  v a l v e .  A s  can be seen f r o m  t h e  tabu- 
l a t e d  va l ves ,  t h e s e  f o r c e s  a r e  v e r y  la rge ,  and 
r e q u i r e  many e x p l o s i o n  b o l t s  o r  a l a r g e  mecha- 
nism. I f  t h e  d o o r s  a r e  i n d i v i d u a l l y  suppor ted,  
t h e  p rob lem o f  s y n c h r o n i z a t i o n  a r i s e s .  
b. Snubbers. The snubbers must be  des igned  t o  
d e c e l e r a t e  t h e  doors  t o  a ' s a f e  s t o p ,  The capa- 
c i t i e s  r e q u i r e d ,  based on  t h e  k i n e t i c  e n e r g i e s  
l i s t e d ,  a r e  beyond t h e  s i z e s  p r e s e n t l y  designed. 
Also,  t h e  v e l o c i t i e s  a t  w h i c h  t h e  snubbers a r e  
c o n t a c t e d  are s e v e r a l  t i m e s  beyone t h e  p res -  
e n t  l y  accepted s a f e  va lues .  
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e 
C. Sea ls .  I n f l a t a b l e  s e a l s  a r e  r e q u i r e d  t o  s e a l  
around t h e  edges o f  t h e  doors  on  a l l  t h e  v a l v e s  
excep t  p o s s i b l e  t h e  v a l v e  i n  t h e  downstream 
l o c a t  ion.  The i n f  l a t a b l e  s e a l  problems a r e  
s i m i l a r  t o  those  encoun te red  i n  t h e  o t h e r  
t y p e s  o f  va l ves :  d e f l a t i o n  t ime, r e t r a c t  ion, 
gap, conf inCment and maintenance. 
d. Aerodynamic Contour. Any v a l v e  l o c a t e d  j u s t  
upst ream o f  t h e  t e s t  s e c t i o r .  would have t o  
p r e s e n t  a smooth t u n n e l  w a l l  c o n t o u r  when 
open. T h i s  mez s t h a t  t h e  doors  would have t o  
be d e c e l e r a t e d  and be s topped  j u s t  f l u s h  w i t h  
t h e  t u n n e l  w a l l .  T h i s  r e q u i r e m e n t  r e s t r i c t s  
t h e  d 'esign of t h e  sea ls ,  r e l e a s e  mechanism 
and snubbers.  
2.5.6 A x i a l  R o t a r y  Va lve  
2.5.6. 1 Des i gn 
Some o f  app rox ima te  f i g u r e s  a s s o c i a t e d  w i t h  t h e  
d e s i g n  o f  t h e  9 ft. 18 p o r t  downstream a x i a l  r o t a r y  
v a l v e  a r e  l i s t e d  below. 
I n e r t i a  To rque  ( f t .  l bs , )  15,400,OOO 
A c t u a t o r  Fo rce  ( l b s o )  2,200,000 
A c t u a t o r  D i a m e t e r  ( f t .  1 5.7 
Max. RPM o f  R o t o r  135 
Max. Snubbing V e l o c i t y  ( f t . / s e c . )  50 
Max. K i n e t i c  Energy ( f t .  l b s . )  1,500,000 
L e n g t h  o f  S e a l  ( f t .  1 230 
( p r i m a r i l y  s l i d i n g  s e a l )  
21  
FLUIDYNE ENGINEERING CORPORATION 
2.5.6,2 Uncertainties 
Major areas of uncertainty regarding the successful 
design, fabrication and operation of the axial rotary 
valve are summarized in the following list. 
a. Seals. Of all the valves under consideration, 
the axial rotary has the largest required 
seal length. This means that seal designs 
and the associated valve tolerances will be 
critical factors in a successful valve design. 
b. Release-Actuator-Snubber Systems. Like the 
majority of the valves, the successful design 
of the axial rotary requires the movement of 
large masses at high velocities. This in 
turn requires a large tictuator and imposes 
additional design problems on the release 
and snubbing mechanism. The problems associ- 
ated with the release and snubber :systems 
appear to be o f  the  same order o f  ixagnitude 
as the other large valves under consideration. 
c. Fabrication and Installation. In fabricating 
a structure of this sizeo tolerances in the valve 
will be critical to maintaining successful 
operation. Problems of this type are difficult 
to measure at this stage o f  development. There 
has not been a great deal of preliminary design 
work done on the axial rotary valve because it 
does not appear to have any particular advantages 
and does poses some serious disadvantages- 
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2.5.7 Frangible Disk Valve 
2.5.7. 1 Descr i pt ion 
The frangible disk valve consists of a dished o r  
hemispherical head attached to the downstream end of the 
tunnel (inside the silencer-exhaust plenum). The disk 
can be ruptured at a desired time, thus releasing the 
flow, i.e. opening the valve". A new disk must be 
installed for each tunnel run. Two possible methods 
of rupturing the disk are: 
I? 
a. Use o f  primer (explosive) cord laid on the 
surface of the disk. This cord detonates at 
the rate of several thousand feet per second 
and can be sized to cut through various thick- 
nesses o f  steel. The pattern of attaching the 
cord to the disk can be adjusted so as to cause 
the disk to "petal" out upon rupturing, thus 
minimizing the fragmentat ion, i e. amount o f  
s hrapne i re leased. 
b. Use of two disks, one i n  front o f  the other, 
Both disks are designed to rupture at less 
than the tunnel storage pressure. An inter- 
mediate pressure wi 1 1  be maintained between 
the two during pump up. By releasing this 
intermediate pressure, the upstream disk 
bursts, releasing pressure to burst the 
downstream disk, thus "opening the valve". 
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2.5.7.2 Des i gn 
The disks will be 1/2 to 3/4 inches thick s t e e l  
depending on the alloy. The attachment will be by 
conventional flanges and bolts. The inside of the 
plenum will be lined with material to absorb any flying 
pieces from the disks. 
2. 5 . 7 . 3  Uncertai nt i es 
The design problems which involve the major uncer- 
tainties are :  
a. Disk Design - Explosive Release. A thorough 
knowledge of explosives must be applied in 
in the disk design so as to determine: 
- Disk material, thickness and shape 
- Pattern and method of attaching the explosive. 
- Resultant time of opening. 
- Size of the opening. 
- Amount of fragmentaticnY 
Many of these problems can be answered only 
through actua 1 tests. 
b. Disk Design - Pressure Release. This method o f  
release is more along lines o f  conventional 
des i gn, however, des i gn and fabr i cat ion to ler- 
ances are more critical than with the explosively 
released disks to insure rupture at given pres- 
sure d i fferent ials. The f o  1 lowi ng must be 
determined, probably partly through test: 
- Disk material, thickness and shape. 
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- R e s u l t a n t  t i m e  o f  opening.  
- S i z e  o f  opening. 
- Amount o f  f ragmen ta t i on .  
c. D e s i g n  o f  H o l d i n g  F langes.  These must be 
des igned  f o r  t h e  f u l l  p r e s s u r e  area, and a l s o  
as q u i c k l y  removed f o r  rep lacement  o f  t h e  
d i s k ( s ) .  
d. D e s i g n  o f  Plenum. T h i s  must w i t h s t a n d  t h e  
i n t e r n a l  p r e s s u r e  l o a d i n g  as t h e  d i s k s  a r e  
r u p t u r e d .  P r o v i s i o n s  must be made f o r  a b s o r b i n g  
any  s h r a p n e l  wh ich  i s  r e l e a s e d  f rom t h e  d i s k s .  
e. S a f e t y  Cons ide ra t  ions.  S p e c i a l  s a f e t y  p rocedures  
must be worked o u t  i n  t h e  s to rage ,  hand l i ng ,  
p lacement  and d e t o n a t i o n  o f  t he  e x p l o s i v e s .  
f. Aerodynamic E f f e c t s .  Any d o t r  i m e n t a l  e f f e c t s  
o f  t h e  e x p l o s i v e  r e l e a s e  o r  t h e  surges  due t o  
t h e  two d i s k s  r u p t u r i n g  must be s t u d i e d ,  
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3.0 VALVE RERATING 
I n  S e c t i o n  3.0 o f  r e f e r e n c e  1, one r a t i n g  system 
was p r e s e n t e d  wh ich  i n c l u d e d  a l l  o f  t h e  s e l e c t i o n  c r i t e r i a .  
Here, t h e  v a l v e s  w i l l  be r a t e d  on a number o f  bases f o r  
t h e  c u r r e n t  s e l e c t i o n  procedure,  These i n c l u d e  a r e v i s e d  
i n c l u s i v e  r a t i n g  system which w i l l  be p r e s e n t e d  and ap- 
p l i e d ,  
3.1 R a t i n g  Based on C e r t a i n t y  o f  Success On ly  
S e c t i o n  2.5 o f  t h i s  Appendix c o n t a i n s  a d i s c u s s i o n  
o f  t h e  prob lem a r e a s  a s s o c i a t e d  w i t h  each v a l v e  type, 
The r e v i e w  o f  t h e s e  problem a r e a s  was aimed a t  p r o v i d -  
i n g  a b a s i s  f o r  a s c e r t a i n i n g  t h e  p r o b a b i l i t y  o f  success 
i n  a r r i v i n g  a t  a r e l i a b l e  v a l v e  d e s i g n  i n  each case. T h i s  
c e r t a i n t y  o r  p r o b a b i l i t y  must be t r a n s l a t e d  now i n t o  a 
n u m e r i c a l  r a t i n g  N, t o  p r o v i d e  one measure f o r  s e l e c t -  
i n g  t h e  v a l v e  f o r  development, 
I t c a n  be  seen from S e c t i o n  2.5 t h a t  t h e r e  a r e  f o u r  
m a j o r  p rob lem a r e a s  common t o  a l l  o f  t h e  v a l v e s  ( w i t h  t h e  
e x c e p t i o n  o f  t h e f r a n g i b l e  d i sk ,  i n  some cases).  These 
prob lem a r e a s  a re :  t h e  r e l e a s e  mechanisms, e f f e c t i v e  s e a l  
designs, t h e  snubb ing  mechanisms, and t h e  i n h e r e n t  s a f e t y  
o f  each o f  t h e  va lves .  I n  each o f  t h e s e  f o u r  areas, i t  
was de te rm ined  what i tems a c t u a l l y  c o n s t i t u t e  t h e  m a j o r  
d e s i g n  problems, and which, when o b j e c t i v e l y  ra ted ,  c o u l d  
be t r a n s l a t e d  i n t o  a r e l a t i v e  c e r t a i n t y  t l i a t  t h e  g i v e n  
v a l v e  c o u l d  be developed s u c c e s s f u l l y  t o  g i v e  r e l i a b l e  
o p e r a t  ion. 
The m a j o r  problems i n  t h e  d e s i g n  o f  r e l i a b l e  r e l e a s e  
mechanisms a r e  a s s o c i a t e d  w i t h :  t h e  magn i tude o f  t h e  
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f o r c e s  on t h e  mechanisms p r i o r  t o  r e l e a s e  and t h e  number 
o f  e x p l o s i v e  b o l t s  wh ich  must f i r e  s i m u l t a n e o u s l y  t o  i n -  
s u r e  p r o p e r  o p e r a t i o n .  The prob lem o f  d e s i g n i n g  e f f e c t i v e  
s e a l s  i n v o l v e s  b o t h  t h e  l e n g t h  o f  s e a l  r e q u i r e d  and t h e  
t y p e  o f  s e a l  ( e i t h e r  s l i d i n g  o r  compress ion) .  The prob-  
lems i n  r e l i a b l e  snubber d e s i g n  a r e  a s s o c i a t e d  w i t h  t h e  
t o t a l  energy  t o  be  d i s s i p a t e d  by  t h e  snubbers and t h e  
v e l o c i t y  a t  wh ich  t h e  v a l v e  e lemen ts  s t r i k e  t h e  snubbers. 
S a f e t y  p rob lems i n v o l v e  t h e  haza rds  t o  p e r s o n n e l  i n  dea l -  
i n g  w i t h  e x p l o s i v e s  and i n  t h e  event  o f  a v a l v e  f a i l u r e  
and haza rds  t o  o t h e r  equipment due t o  v a l v e  f a i l u r e ,  
shrapnel ,  e tc .  
Each of  t h e  e i g h t  i tems l i s t e d  above, f o r c e s  on r e -  
l e a s e  mechanisms, t o t a l  energy t o  be absorbed, v e l o c i t i e s ,  
e t c .  ( w i t h  t h e  e x c e p t i o n  o f  pe rsonne l  and equipment sa fe ty ,  
w p i c h  were s u b j e c t i v e  r a t i n g s )  w e r e , c a l c u l a t e d  f o r  a l l  o f  
t h e  v a l v e s  and appear i n  S e c t i o n  2.5. The r e l a t i v e  ce r -  
t a i n t y  o f  success was then de te rm ined  f o r  each i t e m  as  
f o l l o w s .  
E s t i m a t e d  F a c t o r  
Area o f  U n c e r t a i n t y  Quan t  i t y  Desig.  E v a l u a t i o n  
Fmin 
Re lease Mechanism Force  ( F )  on al al= Fref 
Number o f  a2 a2= "ref 
Mechanism 
m i n  n 
Exp 10s i ve 
B o l t s  ( n )  
Sea 1 s Seal  Leng th  
(4) 
l m i n  a =  
a3 '- $ r e f  
Type o f  Sea l  a = 1.0 i f  
s t a t i c  s e a l s  
p redomina te  
O i f  
aq= 0.5 i f  e v e n l y  
d i s t r i b u t e d  between s i d i n g  s e a l s  
s t a t i c  & s l i d i n g  p redomina te  
sea 1 s 
27 
FLUIDYNE ENGINEERING CORPORATION 
E s t i m a t e d  F a c t o r  
Area  of  U n c e r t a i n t y  Q u a n t i t y  Des i g. E v a l u a t i o n  
Snubbers m i n  Impact V e l o c i t y  a5  a5= 2- 
( V I  r e f  
E m r g y  Absorbed a6 
V 
Emin 
a6“ Eref (E)  
S a f e t y  S u b j e c t i v e  S a f e t y  a7  max imum va 1 ue 
t o  Personne l  1.0 
S u b j e c t i v e  S a f e t y  a8 maximum v a l u e  
t o  Equipment 2.0 
N 1  = al  + a2 + a3 + a4 + a5 + a6 + a7 + a8 
The sum o f  t h e  e i g h t  r a t i n g s  (a,) e q u a l s  t h e  o v e r a l l  ce r -  
t a i n t y  o f  success r a t i n g  (N1)  a s  shown. 
I n  some cases, Itemmin was z e r o  ( f o r  example, t h e  
energy  t o  be absorbed by t h e  snubber i n  t h e  f r a n g i b l e  
d i s k ) .  Itemmin = 0 was 
g i v e n  t h e  maximum p o i n t s  f o r  t h a t  r a t i n g  and t h e  v a l v e  
w i t h  t h e  n e x t  l owes t  magn i tude f o r  t h e  i t e m  was used a s  
‘ t m m i n  
of t h e  magn i tude  of t h e  fo rces ,  energ ies ,  d i r e c t i o n  o f  
v a l v e  b l o c k a g e  mot ion,  e tc .  
I n  t h e s e  cases, t h e  v a l v e  w i t h  
. The s a f e t y  r a t i n g s  were based on knowledge 
3.2 R a t i n g s  Based on Cost On ly  
- T h e  i n i t i a l  c o s t  and o p e r a t i n g  c o s t  f o r  each v a l v e  
a r e  d i s c u s s e d  i n  S e c t i o n  2.3 and p r e s e n t e d  i n  T a b l e  1 
and F i g u r e  3. S i n c e  c o s t  b y  i t s e l f  may p l a y  an impor- 
t a n t  - p a r t  i n  d e t e r m i n i n g  wh ich  v a l v e  s h o u l d  be  developed, 
we w i l l  d e f i n e  two r a g i n s  N2 and N3 wh ich  a r e  based 
e n t i r e l y  on t h e  e s t i m a t e d  c o s t  o f  each va lve .  N2 w i l l  
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be based on t h e  t o t a l  i n i t i a l  c o s t  w h i l e  
on t h e  t o t a l  i n i t i a l  c o s t  p l u s  o p e r a t i n g  c o s t s  f o r  100 runs.  
T h e i r  v a l u e s  w i l l  be c a l c u l a t e d  a s  f o l l o w s :  
N3 w i l l  be based 
max - ‘ re f  
max ‘min 
C 
N = l o c  - 
where C i s  c o s t  i n  d o l l a r s .  
The r e s u l t i n g  r a t i n g  v a l u e s  appear i n  T a b l e  2 a l o n g  w i t h  
N1 and N4 (wh ich  w i l l  be d e f i n e d  be low i n  3.3). 
3.3 I n c l u s i v e  R a t i n g  
I n  many r e s p e c t s  t h e  i n c l u s i v e  r a t i n g  deve loped h e r e  
i s  s i m i l a r  t o  t h a t  p resen ted  i n  S e c t i o n  3.1 o f  r e f e r e n c e  1. 
The r a t i n g  value, N4 , w i l l  be formed f r o m  a number o f  
m u l t i p l i e r s  a s  f o l l o w s :  
N4 = M1 x M2 x M3 x M4 x M5 . 
M1 , as before ,  measures t h e  b a s i c  f e a s i b i l i t y  o f  t h e  
p a r t i c u l a r  v a l v e - l o c a t i o n  c o m b i n a t i o n  i n  te rms o f  whether  
o r  n o t  i t  p e r m i t s  t h e  a t t a i n m e n t  o f  t h e  t u n n e l  pe r fo rm-  
ance s p e c i f i c a t i o n s .  i s  a l s o  made up o f  a number o f  
m u l t i p l i e r s :  
M1 
M, = ml x m2 x m3 x m4 . 
The m u l t i p l i e r s  m2 , m3 and m4 a r e  d e f i n e d  and eva lu -  
a t e d  e x a c t l y  t h e  same a s  t h e y  were i n  r e f e r e n c e  1. M u l t i -  
p l i e r  ml 
a t i o n  has been changed somewhat i n  t h a t  i t  w i l l  have a 
v a l u e  o f  0.8 r a t h e r  than 0.5 when t h e r e  i s  a p o s s i b i l i t y  
has t h e  same d e f i n i t i o n  as b e f o r e  b u t  i t s  e v a l u -  
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o f  i n s t r u m e n t a t i o n  o r  model s t r u c t u r a l  p rob lems a r i s i n g  
because t h e  t e s t  chamber must be  a t  f u l l  s t o r a g e  t u b e  pres-  
s u r e  p r i o r  t o  a run. Otherwise, i t s  e v a l u a t i o n  w i l l  r e -  
ma in  t h e  same. T h i s  change o n l y  a f f e c t s  t h e  r a t i n g s  o f  
t h e  downstream l o c a t e d  valves, and i t  was made p a r t l y  
because o f  comments by  M a r s h a l l  Space F l i g h t  Center  per-  
sonne l  wh ich  i n d i c a t e d  t h a t  t h i s  m i g h t  n o t  b e  a s  s e r i o u s  
a c o n d i t i o n  a s  had o r i g i n a l l y  been supposed. 
I 
The M2 o f  r e f e r e n c e  1 has been e l i m i n a t e d  ( p r e r u n  
t e s t  chamber pumpdown doesn ' t  reduce s t a r t i n g  l o a d s  s i g -  
n i f i c a n t l y  f o r  t h e  low Mach number, h i g h  Po c o n d i t i o n s  
where a p rob lem m i g h t  e x i s t ) .  M2 w i l l  h e r e i n  be  d e f i n e d  
t h e  same a s  M3 i n  r e f e r e n c e  1. That  is,  i t  measures 
t h e  e x i s t e n c e  o f  any hazard  t o  e i t h e r  t h e  v a l v e  o r  model 
due t o  t h e  o the r .  M2 = 1.0 w h i l e  
M2 = 0.75 
I f  t h e r e  i s  no haza rd  
i f  a haza rd  e x i s t s .  
The p r e s e n t  M3 measures t h e  c o s t  o f  t h e  v a l v e  and 
whether  o r  n o t  t h e  v a l v e  can be c l o s e d  m e c h a n i c a l l y  a t  
p ressu re .  I t  does n o t  c o n t a i n  any measure o f  t h e  c e r -  
t a i n t y  o f  s u c c e s s f u l  development as  d i d  M4 i n  r e f e r -  
ence 1. M3 i s  e v a l u a t e d  as  f o l l o w s :  
M3 = N3 + A l  
i s  t h e  c o s t  r a t i n g  deve loped i n  t h e  N3 where 
p r e c e d i n g  s e c t i o n  and A 1  i s  equa l  t o  
5.0 i f  t h e  v a l v e  can be  r e c l o s e d  mechan- 
i c a l l y  a g a i n s t  p r e s s u r e  (zero,  i f  n o t ) .  
C e r t a i n t y  o f  s u c c e s s f u l  development was deemed an 
i m p o r t a n t  enough f a c t o r  t o  be  i n c l u d e d  a s  a m u l t i p l i e r  
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i n  t h i s  new r a t i n g  r a t h e r  t h a n  as one i n  a s e r i e s  o f  ad- 
d i t i v e  f a c t o r s .  M4 which measures i t  i s  s i m p l y  equa l  
The i n c l u s i v e  r a t i n g  p r e s e n t e d  i n  r e f e r e n c e  1 con- 
t a i n e d  no measure o f  whether o r  n o t  t h e  v a l v e  c o u l d  meet 
t h e  90 m i n u t e  between r u n  requirement. I n  t h e  c u r r e n t  
r a t i n g  M5 measures t h i s  where 
no. o f  r u n s  p e r  day 
5 M5 = 0 
I n  conc lus ion ,  we have p r o v i d e d  an i n c l u s i v e  r a t i n g  
h e r e  wh ich  d i f f e r s  f r o m  t h e  o r i g i n a l  r a t i n g  i n  i t s  g r e a t e r  
emphasis on c e r t a i n t y  of s u c c e s s f u l  development and i n  
i t s  i n c l u s i o n  o f  r u n  f requency  as  a f a c t o r  i n  e v a l u a t i o n .  
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4.0 DISCUSSION OF RESULTS 
T a b l e  2 c o n t a i n s  a summary o f  t h e  r a t i n g s  deve loped 
u s i n g  t h e  r a t i n g  methods d i s c u s s e d  i n  S e c t i o n  3.0 and t h e  
per fo rmance and c o s t  i n f o r m a t i o n  cove red  i n  S e c t i o n  2.0. 
These r a t i n g s  w i l l  now be a p p l i e d  a s  a g u i d e  i n  s e l e c t i n g  
t h e  most  p r o m i s i n g  v a l v e  system f o r  development. 
The f i r s t  r a t i n g  N 1  i s  a measure o f  t h e  c e r t a i n t y  
t h a t  t h e  p a r t i c u l a r  v a l v e  can be  deve loped s u c c e s s f u l l y .  
B o t h  t h e  m u l t i p l e  b u t t e r f l y  and t h e  f r a n g i b l e  hemisphere 
r a t e  h i g h  here.  The f r a n g i b l e  hemisphere, wh ich  one ex- 
p e c t s  t o  be  d e s t r o y e d  each run, has  few r e l i a b i l i t y  prob-  
lems a s  does t h e  m u l t i p l e  b u t t e r f l y .  One f i n d s  t h e  n e x t  
v a l v e s  i n  l i n e  q u i t e  a b i t  lower  on t h e  r a t i n g  sca le .  
These a r e  t h e  s l i d i n g  s leeve  p l u g  v a l v e  and t h e  5' up- 
s t ream g a t e  va lve.  The fo rces ,  i n e r t i a  s, and v e l o c i t i e s  
a s s o c i a t e d  w i t h  t h e s e  two v a l v e s  a r e  c o n s i d e r a b l y  h i g h e r  
t h a n  t h o s e  a s s o c i a t e d  w i t h  t h e  m u l t i p l e  b u t t e r f l y .  
N2 and N3 a r e  b o t h  r e l a t e d  t o  cos t .  On t h e  b a s i s  
o f  i n i t i a l  c o s t  o n l y  (N2) t h e  f r a n g i b l e  hemisphere r a t e s  
h i g h e s t  w i t h  t h e  s l i d i n g  s leeve, m u l t i p l e  b u t t e r f l y ,  and 
5 '  upst ream g a t e  v a l v e s  r u n n i n g  c l o s e  b e h i n d  i n  t h e  r a t -  
ing. When t h e  o p e r a t i n g  c o s t s  a r e  i n c l u d e d  (N3),these 
same f o u r  v a l v e s  a r e  a t  t h e  t o p  excep t  t h a t  t h e  m u l t i p l e  
b u t t e r f l y  r a t e s  h ighes t .  Des ign  and development c o s t s  
on t h e s e  v a l v e s  a r e  a l s o  lower  t h a n  on t h e  o t h e r  v a l v e s  
w i t h  t h e  f r a n g i b l e  hemisphere b e i n g  b y  f a r  t h e  l e a s t  ex- 
p e n s i v e  t o  d e s i g n  andckvelop. 
The i n c l u s i v e  r a t i n g  ( N 4 )  p l a c e s  t h e  m u l t i p l e  b u t t e r -  
f l y  v a l v e  f i r s t  w i t h  t h e  5' upstream g a t e  second and t h e  
f r a n g i b l e  hemisphere and s l i d i n g  s l e e v e  t h i r d  and f o u r t h ,  
r e s p e c t i v e l y .  L o w  runs  p e r  day b r i n g s  t h e  r a t i n g  o f  t h e  
f r a n g i b l e  hemisphere down i n  t h i s  case. U n c e r t a i n t i e s  
32 
FLUIDYNE NGINEERING CORPORATION 
lower the rating of the gate valve and the slidin g sleeve. 
The multiple butterfly, 5' upstream gate, and sliding 
sleeve valve are the only ones which come close to meet- 
ing the required time between runs criterion. 
In all of the ratings, the multiple butterfly, 5' 
upstream gate, sliding sleeve, and frangible hemisphere 
valves rate consistently higher than the other valves so 
it seems clear that our problem of selection has narrowed 
down to these four valves. Table 3 contains more detailed 
cost estimate breakdowns for these valves. 
Except forthe uncertainties involves in development, 
the 5' upstream gate valve would be highest in the inclu- 
sive rating results. I t  avoids problems associated with 
downstream valves and can be reclosed against pressure. 
Nevertheless, we feel that the uncertainties warrant the 
somewhat lower rating it has been given. 
If certainty of successful valve development were 
the sole criterion for valve selection, the choice would 
be between the frangible hemisphere and the multiple but- 
terfly. As far as costs are concerned, there are no 
significant differences between the four top valves al- 
though the frangible hemisphere rates highest on the basis 
of initial cost while the multiple butterfly rates highest 
when operating c o s t s  are included. The multiple butter- 
fly rates a strong first place in the inclusive rating 
with the gate valve a good second. From these observa- 
tions, it is our conclusion that development work should 
proceed on the m u l t i p l e  butterfly valve. Although there 
may be some argument that the frangible hemisphere is more 
likely to be successfully developed and therefore, with 
its lower initial cost be most suitable, we feel that 
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development o f  t h e  m u l t i p l e  b u t t e r f l y  o f f e r s  t h e  most i n  
te rms  o f  p o t e n t i a l  achievement p a r t l y  because i t  w i l l  r e -  
s u l t  i n  a v a l v e  h a v i n g  a good d e a l  o f  v a l u e  i n  a p p l i c a -  
t i o n s  beyond t h e  immediate one. 
D u r i n g  t h e  r e r a t i n g ,  t h e  impor tance o f  i n c l u d i n g  t h e  
e n t i r e  t r a n s o n i c  reg ime  t h r o u g h  Mach number 1.0 i n  t h e  
range  o f  o p e r a t i o n  was kept  i n  mind. The recommended v a l v e  
c o n f i g u r a t i o n  w i l l  n o t  l i m i t  t h e  range  o f  t r a n s o n i c  opera- 
t i o n .  Changes i n  t u n n e l  s i z e  w i l l  n o t  i n f l u e n c e  t h e  v a l v e  
s e l e c t i o n  e i t h e r .  Most o f  t h e  prob lems w i l l  s c a l e  up w i t h  
t u n n e l  s i r e .  
A p rob lem wh ich  was n o t  c o n s i d e r e d  d u r i n g  t h e  r e r a t -  
i n g  b u t  wh ich  ought  t o  be men t ioned  i n v o l v e s  a x i a l  l o a d s  
on t h e  t u n n e l  d u r i n g  v a l v e  o p e r a t i o n  and consequent founda- 
t i o n  problems. W i t h  v a l v e s  wh ich  d i s c h a r g e  a x i a l l y  t h e r e  
i s  a sudden change i n  t h e  a x i a l  f o r c e  a t  t h e  v a l v e  loca-  
t i o n  when t h e  v a l v e  i s  opened. T h i s  can amount t o  s e v e r a l  
m i l l i o n  pounds. W i t h  v a l v e s  wh ich  open a x i a l l y  t h e r e  may 
b e  snubbi  ng l o a d s  approach i ng two m i  1 1  i o n  pounds. Con- 
sequent ly ,  i t  may be d e s i r a b l e  t o  c o n s i d e r  a v a l v e  wh ich  
d i s c h a r g e s  r a d i a l l y  and w h i c h  produces  no a x i a l  l o a d s  
d u r i n g  snubbing. T h i s  c o u l d  be accompl ished by  a v a r i a t i o n  
o f  t h e  s l i d i n g  s l e e v e  v a l v e  wh ich  u t i l i z e d  two oppos ing  
s l e e v e s  t r a v e l l i n g  i n  o p p o s i t e  d i r e c t i o n s  and b a l a n c i n g  
o u t - f o r c e s  r a t h e r  t h a n  one s l e e v e  w i t h  i t s  u n l d i r e c t i o n a l  
snubb ing  load. Such a v a l v e  wou ld  be a b i t  more comp l i -  
c a t e d  t h a n  t h e  s l e e v e  v a l v e  t h a t  was ra ted ,  b u t  snubb ing  
l o a d s  wou ld  b e  reduced some, p l a c i n g  i t s  c o s t  and r e l i -  
a b i l i t y  n o t  f a r  from t h e  s i n g l e  s l e e v e  ve rs ion .  
i 
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5.0 REDEFINITION OF PHASE I I TASKS 
Some p r e l i m i n a r y  development work has a l r e a d y  been 
done on t h e  m u l t i p l e  b u t t e r f l y  components as  a r e s u l t  o f  t h e  
o r i g i n a l  Phase I r a t i n g .  On t h e  b a s i s  o f  t h e  r e r a t i n g ,  
t h e  development work and v e r i f i c a t i o n  o f  des ign  concepts 
o f  t h e  m u l t i p l e  b u t t e r f l y  v a l v e s  w i l l  be con t inued  th rough 
t h e  remainder o f  Phase 1 1 .  The f o l l o w i n g  s e c t i o n  o u t l i n e s  
t h e  Phase l i  tasks  t h a t  have been performed or a r e  planned 
and which enab le  us t o  proceed t o  t h e  f i n a l  des ign  o f  t h e  
m u l t i p l e  b u t t e r f l y  valve. 
The p r e l i m i n a r y  des ign  and t e s t i n g  o f  t h e  m u l t i p l e  
b u t t e r f l y  v a l v e  w i l l  be concen t ra ted  on t h e  f o l l o w i n g  
problem areas:  
a. s e a l s  
b. bea r ings  
c. a c t u a t o r  and c o n t r o l  system 
d. snubber . 
P r e l i m i n a r y  sea l  t e s t  r i g s  have been b u i l t  t o  t e s t  
t h e  t h r e e  p r i n c i p l e  types  o f  sea ls :  t h e  i n t e r m e d i a t e  
s t a t i c  s e a l s  between the  vanes, t h e  s e a l s  a t  t h e  ends 
o f  t h e  vanes, and t h e  sea ls  between t h e  o u t e r  vanes and 
t h e  v a l v e  housing. The i n t e r m e d i a t e  s e a l s  have been 
tested,  and t h e  sea l  geometry, m a t e r i a l  and durometer 
have been determined. i n f l a t a b l e  s e a l s  have been t e s t e d  
f o r  use as a sea l  a long  t h e  ends o f  t h e  vanes and between 
t h e  o u t e r  vanes and t h e  v a l v e  housing. The i n f l a t a b l e  
s e a l s  appears q u i t e  s a t i s f a c t o r y  f o r  these a p p l i c a t i o n s .  
A b e a r i n g  t e s t  r i g  has been designed f o r  t e s t i n g  
b o t h  need le  bea r ings  and b a l l  bushings. I n  t h i s  t e s t  
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r i g ,  t h e  e f f e c t s  o f  s h a f t  d e f l e c t i o n s  on b e a r i n g  o p e r a t i o n ,  
due t o  s i m u l a t e d  d e s i g n  a i r  p r e s s u r e  loads, can be  d e t e r -  
mined. Also, b e a r i n g  l i f e  and f r i c t i o n a l  t o r q u e  can be 
e s t i m a t e d  i n  t h i s  t e s t  r i g .  
A 20" x 20" w o r k i  ng s e c t  i o n  o f  t h e  v a l v e  has been 
des igned  wh ich  w i l l  be t e s t e d  a t  f u l l  o p e r a t i n g  c o n d i t i o n s .  
I t  w i l l  c o n t a i n  two vanes, each f u l l  s i z e  i n  c r o s s  s e c t i o n  
and 20" long. Each vane w i l l  have t h r e e  i n t e r m e d i a t e  
b e a r i n g  s u p p o r t s  and t h e  s t i f f e n e r  g r i d w o r k  w i l l  be i d e n t i -  
c a l  t o  t h a t  a n t i c i p a t e d  i n  t h e  f u l l  s c a l e  va lve .  The seals ,  
bear ings ,  and s h a f t s  w i l l  a l s o  be  f u l l  sca le .  The f a c e  
w i d t h  o f  t h e  gears  and rack, t h e  a c t u a t o r  and t h e  snubber 
w i l l  be s c a l e d  down t o  match t h e  i n e r t i a  and f r i c t i o n  
f o r c e s  o f  t h e  model. The v a l v e  w i l l  be  t e s t e d  a t  f u l l  
d e s i g n  c o n d i t i o n s  and t h e  f o l l o w i n g  i t e m s  w i l l  be i n v e s t i -  
gated:  \ 
a. S e a l s  - The model v a l v e  w i l l  p r o v i d e  a f u r t h e r  
check on s e a l  e f f e c t i v e n e s s  and w i l l  be used t o  
v e r i f y  t h e  r e s u l t s  f rom t h e  s e a l  t e s t  r i g s .  
Also, a n t i c i p a t e d  leakage and r e q u i r e d  t o l e r a n c e s  
of t h e  f u l l  s i z e  v a l v e  w i l l  be es t ima ted .  
b. B e a r i n g s  - The model v a l v e  w i l l  a l s o  p r o v i d e  a 
f u r t h e r  check on b e a r i n g  o p e r a t i o n  and f r i c t i o n  
w i t h  a c t u a l  vane d e f l e c t i o n s  and o p e r a t i n g  con- 
d i t i o n s .  
c. A c t u a t o r  and C o n t r o l  System - A t i m e  h i s t o r y  of 
t h e  i n e r t i a  and f r i c t i o n  fa rces ,  wh ich  a r e  en- 
c o u n t e r e d  d u r i n g  open ing  under d e s i g n  c o n d i t i o n s ,  
w i l l  be determined. The e f f e c t i v e n e s s  o f  t h e  
a c t u a t o r  and r e l e a s e  mechanisms w i l l  be checked. 
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Also, t h e  e f f e c t i v e n e s s  o f  such i t ems  as  t h e  
e x p l o s i v e  b o l t  shroud, r a c k  guides, vane t o r -  
s i o n a l  s t reng th ,  etc., can a l s o  be checked, 
d. Snubber - A t i m e  h i s t o r y  o f  t h e  snubber d e c e l e r a t -  
i n g  f o r c e s  w i l l  be  determined. Also, r e c o v e r y  
t ime, o v e r t r a v e l ,  r o d  and r a c k  damage due t o  
impact, and t h e  o t h e r  snubb ing  prob lems w i l l  be 
i n v e s t i g a t e d .  
The knowledge ga ined f r o m  t h e s e  t e s t s  w i l l  e n a b l e  us 
t o  p roceed t o  t h e  f i n a l  d e s i g n  w i t h  a h i g h  degree o f  c e r -  
t a i n t y  t h a t  t h e  v a l v e  can be  b u i l t  and o p e r a t e d  success- 
f u l l y .  
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